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(54) MANUFACTURING METHOD OF PHOTOELECTRON BOOSTER TUBE 

(57)Abstract: 

PURPOSE: To produce a photoelectron booster tube of 
less current leakage and noise and high photoelectric 
sensitivity and secondary emission rate by gradually 
sending alkaline metal into a photoelectron booster tube 
through a thin tube by heating an alkaline metal 
container. 

CONSTITUTION: After evacuating the air from a booster 
tube 1 through an exhaust tube 2, an alkaline pellet 5 is 
heated with a high-frequency heater 6 to produce an 
alkaline metal by reduction. After keeping the booster 
tube 1 at a high temperature and the seald alkaline metal 
container 3 at a higher temperature than that of the 
booster tube 1 in a furnace until the photoelectric 
sensitivity of the photoelectron booster tube reach a 
fixed level, then a thin tube 4 is cut and sealed to 
separate the container 3. After further keeping the 
photoelectron booster tube 1 at a fixed temperature for 
a fixed time period to discharge excessive alkaline metal, 
the photoelectron booster tube 1 is cooled down and the 
exhaust tube 2 is cut and sealed. 
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ALKALI METAL GENERATOR 
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Inventor: Haruo Takashio. et ah 

Applicant; Tokyo Shibaura Electric Co., Ltd. 

Patent Attorney-* Akira Tomioka, etal. 

Brief description of the drawings 

Fig. 1 is a partial cutaway perspective view describing one 
embodiment of the present invention. Fig. 2a and Fig. 2b are, 
respectively, a curve diagram showing the relationship of 
heating temperatures with the respective generation quantities 
of cesium or potassium metal vapors from the alkali metal 
generator of the invention. Fig. 3 is also a curve diagram 
showing the relationship of generating temperatures with the 
mixture ratio of (Ca + K) /Nb (mole ratio) . Table 1 is a list 
comparing characteristics of various materials shown in Fig. 
1 . 

Detailed description of the invention 

The present invention relates to alkali metal generators 
favorably suitable for photoelectric surfaces of image pick-up 
tubes, photoelectric tubes and others. 

Conventional alkali metal generators used in preparing 
photoelectric surfaces have been made by adding a single or a 
plurality of reducing agents to a single or a plurality of alkali 
metal salts to obtain a mixture through agitation, which is then 
appropriately pulverized . A single or a plurality of the alkali 
metal salts are used depending- on the type of the photoelectric 
surface concerned, including chromate , bichromate, tungstate 
or molybdate combined with sodium, potassium, cesium, lithium 
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or rubidium . Silicon, zirconium, aluminum and boron are mainly 
known as reducing- agents used for this purpose. In preparing 
the photoelectric surface, a mixture in which a reducing agent 
and an alkali metal salt are- formulated to give a weight ratio 
of 2 to 1 is filled into an electrically conductive metal 
container at a specified quantity to give the alkali metal 
generator, which is placed at a specified position of a tube 
where a photoelectric surface is formed. Then, at an 
appropriate time in the course of preparing the photoelectric 
surface, the metal container is heated through electrical 
conduction or high frequency induction heating, thereby 
isolating alkali metals. The thus-prepared alkali metal is 
able to move easily to a previously arranged photoelectric 
matrix surface, for example, an antimony film surface, by 
keeping at least a part of the outer periphery of the tube at 
an appropriate temperature, thus resulting in formation of the 
photoelectric surface through predetermined processes. 

The metal container takes such a shape as shown in Fig. 1, 
the container 1 is fabricated by making a thin conductive plate 
2 into a spiral shape to form a hollow body for accommodating 
a mixture 3, then giving a spot welding to a polymerization end 
4 in the longitudinal direction of the hollow body and flatly 
crushing an opening of the body. 

A space between the welded spots is used for releasing 
'isolated alkali metals generated by the chemical reaction. It 
is necessary to operate the alkali metal generator at 
temperatures close to those causing an exothermic reaction and 
a large amount of alkali vapor generation or either of them in 
order to obtain a substantial quantity of the alkali metal. 

In the alkali metal generator, the alkali metal must be 
deposited at an appropriate quantity on a photoelectric surface 
in order to improve characteristics of the surface, for example, 
the photoelectric sensitivity. Thus, an abrupt generation of 
an alkali metal makes it difficult to adjust a quantity of alkali 
which is to deposit on the photoelectric surface. For the 
purpose of alleviating exothermic phenomena, tungsten is added 



as a buffering agent, in addition to the silicon, aluminum or 
zirconium. Further, an abrupt generation of an alkali metal 
not only makes it difficult to adjust the quantity of the alkali 
metal but also releases gas in the great quantity. The release 
of gas will deteriorate photoelectric characteristics, for 
example, photoelectric sensitivity . Therefore, for the purpose 
of preventing such release of gas, zirconium and others having 
getter effects are often used as a reducing agent. 

Since alkali deposition on a target, secondary electron 
intensifier electrode and others may affect the shelf life of 
a tube and the image quality during the process of generating 
alkalis such as cesium, irrespective of the alkali quantity, 
an ease in controlling the reaction is a critical factor in 
manufacturing image orthicon, a type of image pick-up tube. 

Although depending on the type of the tube concerned, 
characteristics necessary for an alkali metal generator include, 
in general, (1) a greater photoelectric sensitivity, (2) a 
stable generation state, (3) lower generation temperature, (4) 
freedom from puncture or fusion, (5) relatively no changes in 
the generation state under preliminary heating conditions, (6) 
a small quantity of gas release up to the stage of generation, 
(7) ease in controlling a state of generation (no abrupt 
generation), (8) workability if the reducing agent has getter 
effects, (9) a relatively small volume necessary for generating 
a specified quantity of alkali, (10) substantially no need for 
a buffering agent, (11) no possibility of explosion like 
zirconium, (12) lower vapor pressure degree of reactants such 
as those other than alkali metals, and (13) a greater yield of 
alkali metals generated. 

The above characteristics were not satisfied where 
conventional reducing agents such as silicon, zirconium, 
titanium and aluminum were used as the alkali metal generator. 

More particularly, an alkali metal generator in which 
silicon Si is used as a reducing agent is high in generation 
temperature, which is 900°C as shown in Table 1, quite unstable 
in a generation state and accompanied by a very abrupt 
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exothermic reaction. The alkali metal generator may sometimes 
cause puncture or fusion of a nickel container used for filling 
a mixture. A higher temperature for effecting the gas 
generation may damage some parts inside the tube, for example, 
a target and others, which are not favorable. Additional gas 
generation without a preliminary heating could result in a more 
intense reaction and almost always entail puncture or fusion. 
Although, a preliminary heating is carried out, the reaction 
greatly changes every ±10°C in response to a slight change in 
the preliminary heating conditions. Further, cesium or 
potassium may be generated at a greatly different quantity and 
accompanied by possible risk of puncture or fusion . It is, thus, 
extremely difficult to control the state of alkali metal 
generation. A lower bulk density of silicon requires a larger 
volume container for generating a specified quantity of metal, 
thus making it difficult to miniaturize the tube, and may result 
in a gas generation source or a great quantity of gas generation 
or gas release. Further, this alkali metal generator has many 
other disadvantages such as a lower yield of alkali metals and 
a lower photoelectric sensitivity which may be due to a great 
quantity of gas release as mentioned above. 

Further, in an alkali metal generator in which zirconium 
is used as a reducing agent, the generation temperature is 900°C 
or higher as shown in Table 1, and the generation state is subject 
to changes depending on preliminary heating conditions, thus 
rendering it relatively difficult to control the generation 
state. A relatively lower bulk density of zirconium requires 
a large-sized container and has a certain quantity of gas 
release. Therefore, the alkali metal generator is not 
excellent in yielding alkali metals and is relatively lower in 
sensitivity. Further, zirconium is disadvantageous in that it 
may explode, when rubbed, and mixture through agitation with 
an alkali metal compound is extremely difficult. Where 
zirconium is mixed not mechanically but as a dry system through 
agitation, relatively coarse powders of zirconium should be 
agitated and mixed slowly on paper or others for prevention of 
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the possibility of explosion. However, an insufficient 
agitation and mixture of zirconium with an alkali metal compound 
will result in poor uniformity. 

In some alkali metal generators, a state of alkali 
generation may also result in a poor uniformity. Zirconium is 
also disadvantageous in that use of the coarse powders makes 
smaller the surface of zirconium involved in the reaction, thus 
necessitating a relatively large quantity of the mixture with 
an alkali metal for generating a specified quantity of the 
alkali metal . . Zirconium mixed as a wet system would be helpful 
in preventing the possibility of explosion but in reality cannot 
be used because an alkali metal compound will be dissolved with 
water. In addition, where alcohol is used, a minute moisture 
content contained in the alcohol may change an alkali metal 
compound and aggregation occurring upon drying may affect 
uniformity of the alkali metal, thus resulting in another 
disadvantage, or a poor uniformity of the potassium generation 
state . 

The present invention is to provide an alkali metal 
generator wherein niobium is used as a reducing agent to remove 
the disadvantages. 

More particularly, the alkali metal generator is made by 
filling into an electrically conductive metal container having 
several minute pores a mixture in which niobium powder is added 
to an alkali metal salt powder, for examples, a mixture made 
up of cesium chromate and potassium chromate so as to give a 
mole ratio of (Cs + K) /Nb = 0.01 to 5 

A detailed explanation will be hereinafter made for the 
invention by referring to the embodiments . A mixture with Cs/K 
= 4S (CS + K) /Nb =0.1 of mole rato is prepared on the basis of 
a mixture of (Nb + C S 2Cr0 4 + K 2 Cr0 4 ) in which niobium is used 
as a reducing agent. Then, another mixture is prepared with 
the similar mole ratio as the mixture with niobium wherein 
silicon and zirconium are used as a reducing agent to make a 
comparative evaluation. Fig. 2a and Fig. 2b show cesium and 
potassium generation states at individual temperatures in these 
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three mixtures. As shown in the figure, the curves showing 
cesium" and potassium generations are steep at the rising point 
in the case of cesium or silicon, narrow in the temperature range, 
showing a possibility that gas may be generated in a great 
quantity and at one time. These curves in the case of zirconium 
show that the gas generation is absolutely lower at about 900 
to 1,000°C. In contrast, in the case of niobium, the reaction 
can be easily controlled because the gas generation is found 
at a wide temperature range and is stable. 

More particularly, in an alkali metal mixture prepared by 
adding niobium . as a reducing agent, the alkali metal is 
generated at 780°C, which is lower than the temperature at which 
silicon or zirconium is generated, as shown in the Table 1 . Thus, 
the alkali metal generator is much less frequently damaged due 
to heating for parts inside the tube than a generator in which 
other substances are used as a reducing agent . The alkali metal 
generator is stable in gas generation, which can be easily 
controlled, and completely free of fusion or puncture of the 
container. The gas generation does not undergo any change at 
all even when preliminary heating conditions vary. Further, 
no fusion or puncture is found in the container even when no 
preliminary heating is carried out , without any substantial 
change found in the gas generation. A greater bulk density of 
niobium needs a smaller volume for obtaining a specified 
quantity of a mixture and therefore a smaller-sized container, 
contributing to a miniaturization of the tube. Further, gas 
is released at a very limited quantity up to the stage of gas 
generation, the alkali metal is yielded at rate of 80% or higher, 
and the photoelectric sensitivity is increased. 

Unlike zirconium, niobium is free of the possibility of 
explosion and stable in the generation, which can be easily 
controlled. Therefore, niobium does not need a buffering agent 
which is required in tungsten. 

However, it should be added that it is possible to inhibit 
generation although to a slight extent, when tungsten W or 
aluminum oxide (A1 : 0 3 ) is added in a weight ratio of about 10%. 
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Thus, a buffering agent may be added in compliance with 
temperatures and generation characteristics required. 

Further, niobium as a reducing agent is mixed with a mixture 
of cesium chromate with potassium chromate at a variety of 
ratios (mole ratio) to give a mixture, which is used to determine 
generation temperatures. The results are shown in Fig. 3. As 
shown in the figure, it has been experimentally demonstrated 
that better results are obtained at a mixture ratio of (Cs + 
K) /Nb = 0.01 to 5. An experimental evaluation is also made for 
a mole ratio • of Cs/K, finding that better photoelectric 
sensitivity is obtained at Cs/K = 0.1 to 20. 

In addition to the previously-described chromate, alkali 
metal salts such as bichromate, tungstate and molybdate may be 
used as metal salts of cesium and potassium, the effect of which 
is similar to that obtained when chromate is used, as described 
before . 




What is Claimed is; 

An* alkali metal generator wherein cesium metal salt, 
potassium metal salt and niobium are mixed so as to give a mole 
ratio of (CS + K) /Nb = 0.01 to 5 and filled into an electrically 
conductive metal container. 
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Table 1 



Mixture 


Nb 

+CS*Cr0.i 
+.l<2CrO.» 


Si 

+CSsCrOi 
+ K : CrO,, 


Zr 

+CSsCiO< 
+ K 2 Cr0 4 


Composition ratio (mole 
ratio) 


CS/K = A 
(CS+K) /Nb =0.1 


CS/K - A 
(CS+K) /Si = 0.1 


CS/K = A 
(CS+K) /Zr = 0.1 


Photoelectric sensitivity 
NA/Lm 


lOOn = 5 


70n = 5 


80n = 5 


Generation state 


Extremely 
stable 


Unstable 


Stable 


Generation temperature °C 


Approx. 78 0 


Approx. 900 


Approx. 900 


Puncture, fusion 


Not found at 
all 


Sometime found 


Not found 


Generation state depending 
on preliminary heating 
conditions 


Substantially 
unchanged 
despite change 
in preliminary 
heating 
conditions 


Changes 
greatly 


Changed 


Gas release up to a stage of 
gas generation 


Very small 


Great 


Medium 


Control of generation state 


Easy 


Difficult 


Normal 


Getteraction of reducing 
agent 


Great 


Small 


Great 










Bulk density 


2 . A 


0. 9 


1.8 


Necessity for buffering 
agent 


Not found 


Found 


Preferably 
required 


Explosion risk 


Not found 


Not found 


Found 


Yield of alkali metal 


Great 


Small 


Medium 
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